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a b s t r a c t
Objective: To evaluate the effect of fluoride (F) varnishes supplemented or not with sodium
trimetaphosphate (TMP) on enamel erosive wear followed or not by abrasion in situ.
Methods: Ten volunteers were selected and randomly divided into four groups, according to
the varnishes tested: placebo (no F or TMP), 5% NaF (positive control), 2.5% NaF and 2.5%
NaF/5% TMP. Enamel blocks (n = 4) were mounted in palatal devices and received an
application of each test varnish, following a double-blind, crossover protocol. After 6 h,
varnishes were completely removed and the blocks were subjected to erosive challenges by
ex vivo immersion in citric acid (5 min, 4/dia, 5 days). Following, half of the blocks were
subjected to abrasion by brushing with a placebo dentifrice slurry for 15 s. Enamel wear
(mm), surface hardness (SHf) and cross-sectional hardness (DKHN) were assessed after each
experimental period. Results were analyzed by ANOVA, Student–Newman–Keuls’s test and
Pearson correlation coefficient ( p < 0.05).
Results: The fluoride varnish supplemented with TMP promoted significantly lower wear
and DKHN when compared to the other groups after erosive challenges, followed or not by
abrasion ( p < 0.05). As for (SHf) the fluoride varnish supplemented with TMP promoted
similar results to the 5% NaF product, being significantly higher than the remaining groups
after erosive and erosive + abrasive challenges ( p < 0.05).
Conclusion: TMP significantly enhanced the effects of F on enamel wear after erosive
challenges, followed or not by abrasion.
# 2013 Elsevier Ltd. All rights reserved.
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The fluoridated varnish supplemented with TMP was more
effective against erosive wear followed or not by abrasion* Corresponding author at: Arac¸atuba Dental School, Univ. Estadual Pau
Rua Jose Bonifacio 1193, 16015-050 Arac¸atuba, SP, Brazil. Tel.: +55 18 
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http://dx.doi.org/10.1016/j.jdent.2013.09.008when compared to a conventional formulation. This enhanced
effect of the TMP-supplemented varnish was attained with
half of the fluoride concentration used in the conventional
formulation (positive control), which is highly desirable
especially for the treatment of children.lista (UNESP), Department of Pediatric Dentistry and Public Health,
3636 3314; fax: +55 15 18 3636 3332.
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Several methods have been proposed to prevent or slow the
progression of erosive tooth wear, such as the use of topical
fluorides or the modification of acidic drinks.1 The exposure to
acids leads to softening and loss of enamel surface and
decreases its resistance to wear, thus making it more
susceptible to the effects of mechanical abrasion.2 Despite
vehicles with high fluoride concentrations have a protective
effect against erosion,3–5 results obtained after the use of
fluoride varnishes are still inconclusive.6,7
The addition of new remineralizing compounds to fluoride
varnishes can be an alternative to improve its effect against
erosive wear. Among the options available, sodium trimeta-
phosphate (TMP) has been shown to be effective in reducing
erosive tooth wear when combined with fluoride in dentifrices
and rinses.8,9 In a previous in vitro study,10 a screening test was
performed with different TMP concentration associated to
low-fluoride varnishes, showing that this association has a
great ability in reducing enamel wear after erosive challenge,
followed or not by abrasion by toothbrushing. Although there
is a good correlation between in vitro and in situ data on enamel
erosive wear, providing reasonable estimates,11 studies con-
ducted with enamel specimens covered by acquired pellicle
and natural salivary flow may lead to different results from
in vitro studies. Thus, the aim of this study was to evaluate the
effects of fluoride varnishes associated with TMP on enamel
erosive wear, followed or not by abrasion by toothbrushing,
following an in situ/ex vivo experimental design. It wasFig. 1 – Flow chart of the ehypothesized that TMP would significantly enhance the
effects of a low-fluoride varnish formulation when compared
with its counterpart without TMP.
3. Materials and methods
3.1. Experimental design
This double-blind, crossover study was performed in 4 phases
of 5 days each, using enamel blocks (4 mm 4 mm) previously
polished and selected by analysis of surface hardness (SH).10
After approval by the local Human Research Ethical Commit-
tee (Protocol: 200901318), all participants read and signed
informed consent statements prior to the beginning of the
study. Ten volunteers (20–30 years old) presenting good oral
and general health, normal salivary flow and who did not
violate the inclusion criteria (use of any form of medication
likely to interfere with salivary flow, use of fixed or removable
orthodontic appliances, pregnancy or breastfeeding, smoking
or systemic illness), took part in the study.12 Enamel blocks
had their halves protected with acid-resistent nail varnish
(control area), so that only half of their surfaces were subjected
to the acid and abrasive challenges. The study design is
summarized in Fig. 1.
3.2. Varnishes formulation and fluoride assessment
All varnishes were manufactured by SS White Dental Products
(Rio de Janeiro, RJ, Brazil) and contained the followingxperimental protocol.
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wax, toluene sulfonamide, vanillin, saccharin and ethanol.
Fluoride concentrations were 2.5% and 5% of NaF (Merck,
Germany). To the varnish containing 2.5% NaF, TMP was
added at concentration of 5% (Sigma–Aldrich Co., USA). A
varnish without F and TMP was also prepared (Placebo),
comprising 4 experimental varnishes. Fluoride concentrations
in the varnishes were determined using a fluoride ion specific
electrode (9609 BN – Orion, USA), after fluoride extraction with
chloroform.10
3.3. Experimental protocol
Prior to varnish application, the palatal appliances containing
four enamel blocks each were inserted in the volunteers’
mouths and kept for 2 h in contact with saliva, allowing the
formation of acquired pellicle. Following, a thin coat of each
varnish was applied on the exposed surface of the enamel
outside the oral cavity, following a double-blind, crossover
design. The palatal appliances were reinserted in the mouth
and the varnishes remained in contact for 6 h. After this
period, the varnish was removed with a blade and acetone13
and the device was reinserted in the volunteers’ mouths until
the following day, when the erosive challenges, followed or
not by abrasion by toothbrushing started. All volunteers used a
placebo dentifrice (F free) throughout the experimental phases
and 1 week prior each experimental phase, to eliminate
possible residual effects from the treatments.
Erosive challenges were performed ex vivo by immersing of
the palatal appliances in 100 mL of citric acid (0.05 M, pH 3.2;
SynthTM, Brazil) at 4 times a day for 5 min. Following, the
blocks were submitted to treatment with no-fluoride denti-
frice slurry for 15 s (2 blocks), or brushed with soft a brush
(Colgate clean classic, Colgate-Palmolive Company1, Sa˜o
Paulo, Brazil), using the same dentifrice suspension (15Ys,
totaling 15 movements back and forth) immediately after
immersion in acid (2 blocks). Before starting the experiment,
the volunteers were individually trained on the brushing
procedure.
3.4. Determination of surface wear
The nail varnish on the reference surfaces of each block was
carefully removed with acetone-soaked cotton wool. Enamel
loss was determined in relation to the reference surfaces byTable 1 – Mean values of enamel wear, surface hardness (SHf)
erosive challenge (ERO) followed or not by abrasion (ERO + AB
Groups Wear (mm) 
ERO A ERO + ABR B ERO A
Placebo 3.42a (0.13) 4.14a (0.17) 35.7a (5
2.5% NaF 2.36b (0.14) 3.39b (0.10) 74.8b (3
5% NaF 1.97c (0.09) 2.94c (0.12) 90.1c (3
2.5%NaF/5%TMP 1.20d (0.06) 2.68d (0.15) 93.8c (3
p values p < 0.001 p < 0.00
Mean (SD, n = 10 for all groups tested). Different upper and lower-case su
and among the test groups, respectively. Two-way ANOVA, followed by profilometry (Surftest SJ 401 – Mitutoyo American Corpora-
tion), by scanning the surface of each block from the reference
surfaces (control) across the exposed surfaces. The mean
value of 5 readings was calculated for each block.10
3.5. Analysis of surface and cross-sectional hardness
The post-erosive challenge SHf (Knoop diamond) was mea-
sured using a microhardness tester (Buehler, Lake Bluff, USA)
and load of 25 g, for 10Ys. Five indentations spaced 100 mm
from each other were made. After that, enamel blocks were
cross-sectioned at the centre, and half of each block was
included in acrylic resin and subsequently polished. Cross-
sectional hardness (CSH) was determined using a load of 5 g,
for10 s. A sequence of eight prints at distances of 10, 15, 20, 25,
30, 40, 50 and 70 mm from the external surface of the enamel
was performed in the centre of blocks, for both the control and
the test areas, and integrated hardness (DKHN) was calculat-
ed.10
3.6. Statistical analysis
For the statistical analysis, SigmaPlot# software for Windows
(version 12.0) was used and the significance limit was set at 5%.
Data (log transformed) of wear, SHf and DKHN presented
normal (Shapiro–Wilk) and homogeneous (Cochran) distribu-
tion and were submitted to 2-way ANOVA. Data of hardness as
a function of depth in each type of challenge (Erosion and
Erosion + Abrasion) was also submitted to 2-way ANOVA.
Student–Newman–Keuls’s test was used as the post hoc test for
ANOVA in all comparisons above. Pearson’s correlation test
was used to evaluate the relationship among variables.
4. Results
Mean (SD) fluoride concentrations (mg F/g) in the varnishes
were 405.2 (84.9), 22,788.5 (2553.1), 13,470.2 (911.2) and 13,845.5
(703.5), respectively for Placebo, 5% NaF, 2.5% NaF and 2.5%
NaF/5% TMP. The mean of pre-erosive surface hardness
among groups was 347.3 (1.2) ( p = 0.268).
All outcomes from Erosion were different from those of
Erosion + Abrasion ( p < 0.001) (Table 1). A dose–response
relationship was observed between fluoride concentrations
in the varnishes and enamel wear, SHf and DKHN ( p < 0.001). and integrated subsurface hardness loss (DKHN) after
R), according to the varnishes tested.
SHf (kgf/mm
2) DKHN (kgf/mm2  mm)
ERO + ABR B ERO A ERO + ABR B
.7) 61.4a (4.5) 3345.0a (114.9) 2241.5a (126.8)
.9) 106.8b (7.2) 1965.6b (22.4) 1505.9b (57.7)
.1) 142.1c (7.0) 1659.1c (82.8) 1221.9c (50.3)
.3) 143.7c (4.9) 1326.5d (81.4) 1034.7d (57.7)
1 p < 0.001
perscript letters indicate significant differences between challenges
Student–Newman–Keuls’s test ( p < 0.05).
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lowest wear and highest values of integrated hardness (DKHN)
( p < 0.001) among all groups. Similar SHf values were observed
between 5% NaF and 2.5% NaF/5% TMP groups (Erosion:
p = 0.112; Erosion + Abrasion: p = 0.663). Enamel wear showed
a higher correlation with DKHN (Pearson’s r = 0.452, p < 0.001)
in comparison with SHf (Pearson’s r = 0.252, p < 0.024).
5. Discussion
Fluoride varnishes have a high protective effect against dental
caries and dentine sensitivity,14 and recent investigations
have attested their effects against erosive tooth wear.15 It is
known that great amounts of loosely-bound fluoride (CaF2-
like) are produced on enamel after the application of fluoride
varnishes, what reduces mineral loss after acid chal-
lenges.6,16,17 According to the present study, the fluoride
varnishes were effective in reducing enamel wear, as well as in
leading to a higher degree of enamel hardness when compared
to the negative control. This is related to an increased
availability of fluoride10 which can result in greater deposition
of calcium fluoride.16 However, erosion is a process that occurs
at a pH below 4.0 and the erosive medium is not saturated with
calcium and phosphate,11 so that the pH for the dissolution of
calcium fluoride, fluorapatite or any precipitate that might be
formed in the presence of fluoride is exceeded during the
erosive challenge. The experimental in situ protocol allowed
the contact of enamel with saliva, which might have enhanced
the effects of fluoride against erosive wear with higher
concentrations of the ion in the product. However, the
fluoride-rich precipitate does not necessarily block acid
diffusion to deeper layers.18
The present study showed that the addition of TMP to a
fluoride varnish (2.5% NaF) reduced the erosive wear in
approximately 40% when compared to 5% NaF varnish,
confirming previous in vitro data.10 As outlined above, the
effect of fluoride varnish depends on the amount of CaF2
deposited. However, the presence of TMP in the varnish
formulation reduces the availability of fluoride10 as well as
CaF2 deposition from fluoride varnish,
19 so that the reduction
in the amount of CaF2would be expected to lower the effect of
the varnish against erosive wear. As such pattern was not
verified, the effect of the TMP may be related to its ability to
block acid diffusion into the deep layers of the enamel.
Previous reports showed that TMP is adsorbed on enamel
producing a protective layer on surface, thereby hindering
acid diffusion.18,20 Another important finding is that the
remineralization of remaining enamel (DKHN) after the
erosive challenge was higher with TMP/F association. A
remaining enamel less softened and presenting higher wear
values were observed after Erosion + Abrasion for all treat-
ments due to the action of brushing, which removes the
surface softened by the acid, thus exposing a enamel more
hardened.8 The varnish supplemented with TMP showed the
same effectiveness on both challenges. The presence of TMP
onto the enamel surface facilitates the diffusion of calcium
ions,18,20 as well as fluoride ions.21 However, the major effect
of TMP during the erosive challenge is to prevent acid
diffusion into the enamel.6. Conclusions
TMP significantly enhanced the effects of F on enamel wear
after erosive challenges, followed or not by abrasion.
Acknowledgments
We would like to thank Mrs. Maria dos Santos Fernandes for
her technical assistance. This paper based on a thesis
submitted by the first author to Arac¸atuba Dental School,
Sa˜o Paulo State University (Brazil). We also thank to CAPES for
the concession of a scholarship to the first author, and to SS
White Dental Products for the manufacturing of the
varnishes.
r e f e r e n c e s
1. Magalha˜es AC, Wiegand A, Rios D, Hono´rio HM, Buzalaf MA.
Insights into preventive measures for dental erosion. Journal
of Applied Oral Science 2009;17:75–86.
2. Attin T, Knofel S, Buchalla W, Tutuncu R. In situ evaluation
of different remineralization periods to decrease brushing
abrasion of demineralized enamel. Caries Research
2001;35:216–22.
3. Austin RS, Rodriguez JM, Dunne S, Moazzez R, Bartlett DW.
The effect of increasing sodium fluoride concentrations on
erosion and attrition of enamel and dentine in vitro. Journal
of Dentistry 2010;38:782–7.
4. Ganss C, Klimek J, Brune V, Schumann A. Effects of two
fluoridation measures in erosion progression on enamel and
dentine in situ. Caries Research 2004;38:561–6.
5. Vieira A, Jager DHJ, Ruben JL, Huysmans MC. Inhibition of
erosive wear by fluoride varnish. Caries Research 2007;41:
61–7.
6. Austin RS, Stenhagen KS, Hove LH, Dunne S, Moazzez R,
Bartlett DW. A qualitative and quantitative investigation
into the effect of fluoride formulations on enamel erosion
and erosion–abrasion in vitro. Journal of Dentistry
2011;39:648–55.
7. Magalha˜es AC, Kato MT, Rios D, Wiegand A, Attin T, Buzalaf
MA. The effect of an experimental 4% Tif4 varnish
compared to NaF varnishes and 4% TiF4 solution on dental
erosion in vitro. Caries Research 2008;42:269–74.
8. Moretto MJ, Magalha˜es AC, Sassaki KT, Delbem AC,
Martinhon CC. Effect of different fluoride concentrations of
experimental dentifrices on enamel erosion and abrasion.
Caries Research 2010;44:135–40.
9. Manarelli MM, Vieira AE, Matheus AA, Sassaki KT, Delbem
AC. Effect of mouth rinses with fluoride and
trimetaphosphate on enamel erosion: an in vitro study.
Caries Research 2011;45:506–9.
10. Manarelli MM, Moretto MJ, Sassaki KT, Martinhon CCR,
Pessan JP, Delbem AC. Effect of fluoride varnish
supplemented with sodium trimetaphosphate on enamel
erosion and abrasion. In vitro study. American Journal of
Dentistry 2013;26(6). [in press].
11. Barbour ME, Lussi A, Shellis RP. Screening and prediction of
erosive potential. Caries Research 2011;45:24–32.
12. Delbem ACB, Carvalho LPR, Morihisa RKU, Cury JA. Effect of
rinsing with water immediately after APF gel application on
enamel demineralization in situ. Caries Research
2005;39:258–60.
j o u r n a l o f d e n t i s t r y 4 1 ( 2 0 1 3 ) 1 3 0 2 – 1 3 0 6130613. Bruun C, Givskov H. Formation of CaF2 on sound enamel
and in caries-like enamel lesions after different forms of
fluoride applications in vitro. Caries Research 1991;25:96–100.
14. Pessan JP, Toumba KJ, Buzalaf MAR. Topical use of fluorides
for caries control. Monographs in Oral Science 2011;22:115–32.
15. Wiegand A, Attin T. Influence of fluoride on the prevention
of erosive lesions: a review. Oral Health & Preventive Dentistry
2003;1:245–53.
16. Delbem ACB, Brighenti FL, Oliveira FAL, Pessan JP, Buzalaf
MAR, Sassaki KT. In vitro assessment of an experimental
coat applied over fluoride varnishes. Journal of Applied Oral
Science 2009;17:280–3.
17. Maas JRS, Faraco-Junior IM, Lodi CS, Delbem ACB.
Differences in loosely bound fluoride formation and
anticaries effect of resin-based fluoride varnishes.
International Journal of Paediatric Dentistry 2013;23:166–72.18. Takeshita EM, Exterkate RAM, Delbem AC, ten Cate JM.
Evaluation of different fluoride concentrations
supplemented with trimetaphosphate on enamel de- and
remineralization in vitro. Caries Research 2011;45:494–7.
19. Manarelli MM, Delbem ACB, Lima TMT, Castilho FCN,
Pessan JP. In vitro remineralizing effect of fluoride varnishes
containing sodium trimetaphosphate. Caries Research
2003:47. [in press].
20. Van Dijk JW, Borggreven JM, Driessens FC. The effect of
some phosphates and a phosphonate on the
electrochemical properties of bovine enamel. Archives of Oral
Biology 1980;25:591–5.
21. Takeshita EM, Castro LP, Sassaki KT, Delbem ACB. In vitro
evaluation of dentifrice with low fluoride content
supplemented with trimetaphosphate. Caries Research
2009;43:50–6.
